As it is known to all, more and more traffic pressure lead to traffic jams. Sometimes one way traffic jams happened in two-way streets. This system is designed to solve this problem. It is a mobile partition piles system, which contains three parts. They are information acquisition module, image processing module and automatic control module. This system can monitor the condition of roads in real time by using machine vision technology. It can also move partition piles according to the traffic condition, which can ease traffic jams. Besides, partition piles will be back to original position when the problem is solved. The hardware and software of control system and mechanical structure has been accomplished. Several tests verified the characteristics of this system, such as distinguish accurately, react rapidly, high intellect, low cost and run stably.
Introduction
With the modernization of urban construction and the rapid development of the economy, urban traffic is facing increasing pressure [1] . In the road sections of some two-way lanes, serious one-way traffic jams often occur, which seriously affects the utilization efficiency of urban roads. This problem is mainly caused by people's uneven travel demands at different times and urban road accidents. In order to solve the problem of one-way traffic jam, many cities have implemented tidal lanes or movable partition piles with zipper cars, which achieved many good results. However, the tidal lane time is fixed. It is prone to cause accidents for drivers who do not understand the rules. It is prone to accidents [2] , and the cost of the zipper car is too high. Besides, it takes more time to change the position of the partition belt [3] . The more important thing is that these solutions are unable to solve the traffic jam caused by unexpected events.
In order to make the urban road more intelligent and make people, cars and roads more coordinated, this paper designed an intelligent mobile partition piles system. This system is an improvement of traditional road traffic facilities and an innovative and practical project to apply smart sensing and intelligent control technology to modern transportation systems. It can not only alleviate traffic congestion, but also respond to road emergencies.
System Overview
In order to meet the needs of various situations in practical applications, a mobile partition piles system with convenient operation and dynamic allocation of lane resources of urban roads based on real-time road conditions is designed. The system can obtain road traffic information in real time. If one side of the road has congestion and the other side has fewer vehicles, the system will slowly move the movable partition pile to the side with less traffic flow, increasing the number of lanes on the congestion side. The partition pile automatically back to the center of the road when the traffic volume is reduced.
The movable partition pile system consists of a movable partition pile, a control system, a human-machine interface program, and a server that runs the control system. The system can not only operate in the automatic mode, but also the operator can directly control the movement of the target partition pile unit according to the actual situation through the human-computer interaction program. Figure 1 Model of mobile partition piles system on urban roads.
Design of Mobile partition pile system
The intelligent mobile partition pile system includes a movable partition pile and a remote control system. The partition piles are equipped with driving devices, arranged in columns on the double yellow line in the middle of the road. The two partition piles are 3 m apart, connected by communication cables, and receive commands to move to both sides of the road through the CAN bus. Each 10 partition piles form a unit, and the first partition pile of each unit is equipped with a GPRS wireless communication module and a camera. The camera is oriented in a unified direction for shooting real-time road conditions and uploaded to the control system through wireless communication [4] . In addition, the first partition pile of the first unit acts as the main engine for all the partition piles, and is also responsible for receiving the instructions of the control system and controlling the movement of each partition pile.
The control system receives images through the wireless communication module and analyzes the images. When the lane needs to be adjusted, the wireless communication module is also used to send commands to the partition stub host. When the host receives the command sent by the control system, it analyzes it and sends it to the corresponding slave through the CAN bus to respond to the command, thereby implementing the whole row or partial movement of the partition pile. Figure 2 The way of data exchange.
Control system

Design of hardware module
The hardware core of the partition pile is an embedded microprocessor, and it connected with a GPRS module, a camera module, an ultrasonic ranging module, an infrared speed measuring module, a dial switch, a DC motor driving module and a CAN bus interface.
Design of camera module
The camera module is the most important information collector in this system. In order to judge the traffic jam position accurately enough, the system is equipped with a camera module on the first partition pile of each unit, and a camera module is realized every 30 m in the actual road, which can accurately determine the traffic jam position. In addition, all camera modules are heightened for a wider field of view.
According to the actual image processing algorithm, high-resolution images are not needed. To ensure the balance of the partition pile when moving the camera, the camera selects the OV7670 camera module with FIFO chip, OV7670 is a 640*480 resolution CMOS chip with integrated standard SCCB interface, VGA timing, RGB565 format output.
reliability. The schematic diagram of the main controller circuit is shown in Figure 4 . (.) The power supply pin of the STM32 chip is connected to the power supply and connected to a 0.1uF capacitor for filtering. 8M crystal oscillator is used for STM32 system clock. The chip is low-level reset, adopts RC reset circuit, JTAG interface selects SW debugging mode, only needs SWDIO and SWCLK two pins to perform Flash programming and online simulation [7] . 
Design of Other module
Each partition pile is provided with an ultrasonic ranging module, an infrared speed measuring module, a dial switch, and a direct current motor driving module. The ultrasonic ranging module uses the HC-SR04 ultrasonic ranging module to measure the distance from the surrounding obstacles during the movement of the partition pile. When the detection distance is lower than the safety distance, the movement will be suspended, and the waiting distance will keep moving when the detection distance exceeds the safety distance. The infrared speed measuring module is used for displacement detection during the movement of the partition pile. The partition pile is moved by a motor driven wheel or track. The motor is equipped with an encoder. The encoder can perform pulse feedback when the motor rotates. The actual moving distance can be obtained by converting the pulse number. When the target moving distance is reached, the brake is braked to stop the motor from rotating. The dial switch is used to set the ID number of each partition pile as a unique identification of a single partition pile in the entire system.
Design of control system software
Design process of whole system
This design adopts the mixed programming mode, combined with the actual situation, using the advantages of each language to develop. In the control system of the PC, the main program and operation interface are written in C# language; the image processing algorithm is written in matlab language and packaged as a class library for the main program to call. The control program is written in C language on the partition pile. The serial program protocol communication between the main program and the control program is used, and the communication data format is defined, which ensures the operation friendliness and the reliability of the algorithm, and ensures the reliability of the control and communication efficiency.
The flow of the entire program into two modes is shown in Figure 5 . If the automatic mode is selected after the system starts running, each partition pile unit will continuously take pictures of the road surface at a certain interval and upload it to the control system. The control system first splits the received pictures into two pictures, corresponding to the information of the two different directions of traffic on the road, and then calculates the background image of the road surface without traffic flow on both sides of the isolated pile through the image processing algorithm, and finally stores these pictures separately with the position numbers of the partition piles. At this point, the automatic mode is initialized. After that, each partition pile unit sends a single photo to the control system according to the set time. The control system compares the background image to calculate the road congestion level. If the congestion time of a certain location exceeds the threshold, and there is no congestion in the nearby opposite lane. The control system will issue an instruction to the upper station of the partition pile to move the partition unit at the congestion position to the opposite lane to increase the number of lanes near the congestion location and automatically recover after the congestion is relieved.
If the manual mode is selected after the system starts running, the operator only needs to select the partition pile unit and the direction that needs to be moved, and the control system will generate an instruction to notify the upper computer to move the partition pile.
Image Processing Algorithm
Background extraction algorithm
There are many kinds of image processing algorithms for calculating the background of the picture. In order to avoid the influence of outdoor environmental factors such as image jitter and light changes on the background calculation, this design uses the algorithm based on the mixed Gaussian model to calculate the road surface background.
Hybrid Gaussian background modeling is a background calculation method based on pixel sample statistical information by using a large number of sample values of pixels over a long period of time. The idea is to superimpose each pixel by a plurality of Gaussian distributions with different weights within a certain range, and the weights and distribution parameters of each Gaussian distribution are updated with time. [8] For each group of pictures obtained by continuous photographing, a single pixel x has a data set {x1, x2, ..., xn}, and xt = (rt, gt, bt) is a sample of pixels at time t, then the mixed Gaussian distribution probability density function of a single sampling point xt is shown in Equation (1)- (3).
In which, k is the number of distribution patterns, Wi,t is the i-th Gaussian distribution weight at time t, η� , , , , � is the i-th Gaussian distribution at time t, , is its mean, , is its covariance matrix, , 2 is the variance, I is a three-dimensional unit matrix. When calculating the pavement background, the background is used for training first, and then a mixed Gaussian model is used for each pixel in each frame to simulate and match, If it matches, then this picture is the background, otherwise it is the foreground. [9-10].
Computing congestion degree algorithm
This design uses the difference method to calculate the degree of congestion based on the background image of the road surface that has been obtained [11] .
The control system first performs registration on the received real-time road image with respect to its background image, and then uses the registered photo to compare with the corresponding road surface background. When the difference degree exceeds a predetermined threshold, it is determined that the road is currently congested. The formula for calculating the degree of difference α is Equation (4) .
In which, y i,j ,x ij are the values of the i-row and j-column pixels in the background image and the real-time image. m,n is the width and height of the image.
According to the reception time of the photo at the same location, if a certain location is continuously determined to be congested for a period of time, and the congestion time exceeds a predetermined threshold, it is determined that the road is congested. At this time, if there is no congestion in the adjacent opposite lane, the control system will control the partition pile unit near the position to move to the uncongested side.
Experiment and result analysis
The movable partition pile system has been successfully developed. The actual use and analysis of the system are detailed.
(1) Algorithm simulation detection: Figure 4 is a road background image calculated from the field collection of pictures of a group of urban roads, which fully meets the needs of subsequent calculation of road congestion levels and meets the design requirements.
(2) Partition pile movement experiment: After receiving the movement instruction, the partition pile moves smoothly and safely, can reach the designated position accurately, and keeps moving at a low speed throughout the whole process, which can ensure traffic safety. 
Conclusion
This paper designs a movable partition pile system that has been tested to meet design requirements. According to the experimental results, the system scheme is highly feasible, and compared with the traditional lane switching method, it has the advantages of high security, high convenience, low cost, and can cope with unexpected events. The successful development of the equipment can scientifically redistribute urban road resources, effectively alleviate the traffic jam caused by the uneven travel demand of the citizens and urban road emergencies, and make the city more intelligent and make people and cars more harmonious. It is an indispensable technology for the construction of smart cities in the future.
